Quality-assessment indicators for community-acquired pneumonia (CAP) founded on health care structure, process, and outcome have been recommended as a potential audit tool to evaluate the delivery of care. We prospectively audited the treatment of 205 patients admitted with CAP to 2 hospitals in Dundee against some of these key standards. Patients with severe CAP were more likely to die (mortality rate, 42% versus 7%) and to receive antibiotics by the intravenous route (relative risk [RR], 1.81; 95% confidence interval [CI], 1.38-2.37) and within 4 hours of admission to the hospital (RR, 1.22; 95% CI, 0.92-1.62). There was a lack of uniformity regarding the amount of oxygen prescribed, with evidence of poor case record and drug prescription chart documentation related to oxygen therapy. Adherence to the recommended antibiotic policy was associated with reduced risk of death or readmission to the hospital (RR, 0.58; 95% CI, 0.34-1.00). However, in a multivariate analysis, severity of pneumonia was the strongest predictor of death or readmission ( ), P p .004 and adherence to the antibiotic policy was not statistically significant ( ). Our study has confirmed P p .154 the value of quality indicators in evaluating our CAP management and has stimulated the development and implementation of a local hospital-based integrated care pathway.
. We recently reviewed the current evidence for the clinical and cost effectiveness of CAP guidelines [7] . For guidelines to influence outcome, there should be evidence that links process to outcome and evidence that there are potentially important variations in the process of routine care [7, 8] . The key supposition of many guidelines or care pathways is that a number of processes are linked to outcome. Where there is an association between variations in process and variations in outcome, the implication is that improving the process of care will improve outcome [9] . For CAP, a number of such processes have been identified. These include assessment of severity at the time of presentation [10] [11] [12] [13] ; time to administration of first antibiotic [14] [15] [16] [17] [18] , the prescription of appropriate antibiotic (choice and route according to the guideline or protocol [19, 20] ); the prescription of an antibiotic by the iv route, for patients with severe pneumonia [21, 22] ; the measurement and administration of appropriate amounts of oxygen [11, 13, 15, 23] ; and the obtaining of blood samples for culture prior to therapy [15, [24] [25] [26] [27] . The link between obtaining blood samples for culture and outcome is one process measure that does not appear to be supported by a number of validity criteria that assess whether an association can be judged as cause and effect [28] . However, the timely delivery of antibiotics does meet these criteria and appears to be biologically plausible, in that there is experimental [29] and clinical evidence [30] to support the assertion that early antibiotic treatment is more effective than delayed treatment. Similarly, timely measurement of oxygen saturation with subsequent appropriate treatment is crucial, because hypoxemia at presentation is independently associated with short-term mortality [11, 13] . In a study we published elsewhere [7] , these and other criteria are recommended as potential audit criteria of CAP management. Some of these parameters for audit are outlined in table 1. The aim of the present analysis was to assess the quality of CAP management in the Dundee cohort against these audit criteria.
MATERIALS AND METHODS

Ascertainment of cases.
A research nurse prospectively identified patients in the 2 hospitals in Dundee who had acute medical emergencies and who were admitted to the hospital from October 1999 through March 2000. The acute receiving ward was visited on weekdays. The following case definition was used to enter patients into the study: patients who received an antibiotic for a presumed chest infection and had a documented abnormality on a chest radiograph (new infiltrate on chest radiograph) consistent with pneumonia or those who received an antibiotic for whom the diagnosis of pneumonia had been made and noted in the case notes by a consultant or specialist registrar (fellow) in medicine.
Names of patients who received an antibiotic for a chest infection or pneumonia were collected prospectively, and onethird of these were randomly selected for detailed audit on discharge, depending on the availability of complete case records. Of the 640 patients admitted with the presumptive diagnosis of lower respiratory tract infection, 205 were selected for audit and had case records available.
Assessment of severity. The following information for each patient was recorded: demographic characteristics; initial (within 24 h of admission) assessment of severity (defined by use of the extended BTS criterion [5] , in which "severe" is defined by the presence of у2 of the following characteristics: respiratory rate of 130 beats/min, diastolic blood pressure of !60 mm Hg, urea of 17 mmol/L, and confusion [new onset] at the time of initial assessment); the presence of comorbid illness; and the process of management (investigations, oxygenation, and antibiotic therapy). The patient's clinical outcome (discharge home, discharge to intensive care unit [ICU], death, or readmission within 2 weeks of discharge with the same problem) were also recorded.
Adherence to the local antibiotic policy. The local policy recommends a combination of a b-lactam and a macrolide antibiotic for treatment of CAP, which is in line with current British Thoracic Guidelines. The recommended antibiotics are amoxicillin with or without a macrolide, for patients hospitalized with mild to moderate CAP, and iv cefuroxime (or) coamoxiclav with or without a macrolide, for patients with severe CAP. For the purposes of the audit, we allowed ceftriaxone to be included instead of cefuroxime. Although this is not part of our current protocol, ceftriaxone had been included in the previous edition of the antibiotic policy. However, prescription of ceftazidime for CAP was not allowed. Flucloxacillin could be added for patients with severe cases if indicated. Adherence was assessed solely by the choice of antibiotic on the protocol; we did not include route of administration in the assessment of adherence.
Statistical analysis. RRs and the corresponding 95% CIs were calculated by use of EpiInfo, version 5.0 (Centers for Disease Control and Prevention and World Health Organization). We used multiple logistic regression analysis (SPSS for Windows, Advanced Statistics Release 6.0 [SPSS]) to determine the effect on outcome of adherence to the local antibiotic policy, adjusted for severity of pneumonia.
Ethics approval. Audit of case records supervised by the consultants responsible for their inpatient management does not require approval by the Tayside Research Ethics committee.
RESULTS
Of the 205 patients in the study, 105 (51%) were male and 100 (49%) were female; 74 (36%) were aged р60 years, 43 (21%) were aged 61-75 years, and 88 (43%) were aged 175 years. The time of admission was accurately recorded for 170 patients (83%); the time of admission was between 8:00 a.m. and 4:00 p.m. for 82 patients (48%), 4:00 p.m. and midnight for 71 (42%), and after midnight for the remaining 17 (10%). We were able to compare our performance against 11 of 17 quality indicators, which we identified from a recent review of the literature (table 1) .
Compliance with protocol and process of treatment. We had complete information on antibiotic therapy for 196 of the 205 patients. The median durations of iv and oral therapy, respectively, were 3 days and 9 days. The median duration of antibiotic treatment was 4.6 days. Only 102 (52%) of 196 of patients received antibiotics within 4 h of admission. Of these patients, those with severe CAP were more likely to receive antibiotics promptly and via the iv route during the first 24 h of hospitalization than were the others (table 2). The time of admission did not influence the proportion of patients who Data about oxygenation were available for all 205 patients audited. According to either medical or nursing notes, 82% of the patients received oxygen therapy. Only 70% of the patients in this group had oxygen prescribed in the drug prescription chart. The concentration of oxygen administered varied considerably, from 24% to 100%, but this did not appear to be guided by initial oximetry or blood gas levels. Overall, 170 (83%) of 205 of patients had oxygen saturations performed within 24 h of admission, but patients with severe pneumonia were no more likely than other patients to have oxygen saturations performed or repeated within the first 24 h of admission (table 2) .
DISCUSSION
Our data confirm that patients with cases stratified as "severe," according to the BTS criteria [5] , are significantly more likely to die (irrespective of the presence of comorbid illness) or to remain in the hospital for a longer period of time. These patients should be treated in a high-dependency unit or ICU. The low mortality rate in the patients with nonsevere pneumonia confirms increasing evidence [17] that many patients currently admitted to the hospital with pneumonia can be managed in the ambulatory or outpatient setting by use of well-validated risk stratification criteria [5, [18] [19] [20] [21] .
Compliance with the choice of antibiotics recommended by the BTS was associated with reduced risk of death and of readmission within 2 weeks of hospital discharge. However, the association was not statistically significant after adjustment for severity of pneumonia. Nonetheless, our results are consistent with those of a number of studies that have supported the potential positive effect of guidelines or protocols on the outcome of patients who are hospitalized with CAP [7] . Simple cohort studies are always subject to confounding and bias. However, randomized trials of organizational interventions in hospitals present considerable methodological challenges, because, by necessity, they require the participation of several hospitals, given that the unit of randomization is the hospital, not the patient. [31] The Cochrane Effective Practice and Organisation of Care (EPOC) group recommends the following 2 quasi experimental study designs as alternatives to randomized trials: controlled before-and-after studies and interrupted time-series analyses. Unfortunately, the published literature on quality improvement interventions in CAP consists of uncontrolled before-and-after studies [7] , which would not meet the quality criteria for inclusion in an EPOC systematic review (see the Data Collection Checklist at www.abdn.ac.uk/public_ health/hsru/epoc/). It is important that future studies are designed to meet the EPOC quality criteria.
Some recent evidence [32] has suggested that antibiotic choice may be particularly important for elderly patients. This may have influenced the guidelines developed by the Infectious Disease Society for CAP [33] , in which a new 4-fluoroquinolone has been introduced as an alternative regimen to a macrolide combined with either cefuroxime or ceftriaxone for hospitalized patients. The use of a 4-fluoroquinolone is thought to be particularly of importance in the elderly and nursing home populations [34] .
Good compliance with our protocol is encouraging, because it provides some measurable evidence of our success in implementation of such protocols through posters and a continuing education program. Although compliance may not result directly in improved health outcome, it shows that clinicians are supporting good practice by reducing the use of unnecessary agents [35] or combinations. There is growing concern about inappropriate use of these agents-in particular, extended-spectrum cephalosporins, which are important drivers of antibiotic resistance [36] -and the occurrence of Clostridium difficile infections [37] .
Although it was encouraging that patients with severe pneumonia were more likely to receive antibiotics by the iv route and within 4 h of admission, there is still plenty of room for improvement, because 39% of the patients with severe pneu-monia did not receive prompt appropriate treatment (table 2) . This may indicate a lack of appreciation of the factors that should stimulate iv therapy, despite the fact that these are clearly outlined in our empiric sepsis-management protocol, which is prominently displayed in all the medical units. The use of oral therapy in the patients with severe pneumonia may also reflect confidence in oral therapy for patients with severe cases [38] , which many may argue is appropriate [21] in patients with uncomplicated cases. In fact, decisions regarding the use of the iv route are largely made on the basis of the theoretical advantage that high serum levels of antibiotics have for therapeutic cure, a fact that may be relevant in intravascular infections or cases in which there are barriers to penetration, such as necrotizing pneumonia; however, this would appear to be less relevant in patients with pneumonia, given that the lung is a vascular structure and that penetration is excellent [39] . Nonetheless, the existing evidence in favor of oral therapy comes from studies with a low proportion of severe cases [38] . The median duration of iv therapy in our study (3 days) was consistent with that in studies published elsewhere [19, 39] .
It was reassuring that 92% of the patients with severe pneumonia had oxygen saturations performed with 24 h of admission. However, only 66% of the patients in the severe group had an additional assessment performed after another 24 h, as recommended in our protocol. Furthermore, only 18% of the patients who received oxygen therapy had any documentation of this treatment in the medical or nursing case notes, despite the legal requirement that oxygen prescriptions be written in the notes. The fact that only 62% of the patients had oxygen prescribed in the drug prescription chart is also a cause of concern. Even when oxygen treatment was documented, the amount of oxygen therapy (e.g., concentrations of 35%, 60%, or 100%) was not adequately noted or justified in the case notes. We have identified similar evidence of poor case record documentation in the management of respiratory tract infection and other infections elsewhere [40] . An improvement in the process of administering oxygen therapy by implementing a multidisciplinary multimethod pathway can lead to changes in oxygen prescription behavior, but this has been found to be time consuming and costly, and it has not led to changes in patient outcome. [41] . Despite this, we need to encourage more-careful documentation of oxygen therapy in our practice and to ensure that patients with severe pneumonia have additional assessments of their oxygenation when appropriate.
Regular evaluation of clinical performance through audit and feedback of information to stakeholders as a means of promoting change is now encouraged as part of the quality improving agenda of Clinical Governance within the United Kingdom [42] . The emphasis is on implementation and evaluation of clinical care. Identification of a champion for managing CAP effectively is a first important step toward realizing this goal.
This may be a physician or specialist nurse who may potentially also be involved in the care of several patients with other illnesses that require antibiotics. The benefit, for example, of use of a nurse practitioner for providing ambulatory-care parenteral antibiotic therapy in our infection service has already been shown [43] . We aim to complete the audit loop by introducing a care pathway for CAP [44] [45] [46] in 1 of our hospitals, reauditing our practice in 18-24 months. The effect of this intervention on outcome will be assessed by use of a controlled before-andafter study design.
